The excess risks of death from any cause and death from cardiovascular causes among persons with type 2 diabetes and various levels of glycemic control and renal complications are unknown. In this registry-based study, we assessed these risks according to glycemic control and renal complications among persons with type 2 diabetes.
Excess Mortality among Persons with Type 2 Diabetes
T he global burden of diabetes has risen dramatically over the past two decades and is expected to affect more than 500 million adults by 2030, with most having type 2 diabetes. 1 Myocardial infarction is the most common cause of death in these patients. 2, 3 Although factors that are known to reduce the risk of myocardial infarction, 2, 4, 5 including the use of lipid-lowering and antihypertensive medications and better glycemic control over time, [6] [7] [8] have been noted in persons with type 2 diabetes, an excess risk of death still exists. 9 Population-based studies have generally not evaluated the excess risks of death from any cause and of death from cardiovascular causes among persons with type 2 diabetes and various levels of risk-factor control. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] We recently found that all-cause mortality and cardiovascular mortality increased markedly with worsening glycemic control among patients with type 1 diabetes 19 ; however, even patients with at-goal glycated hemoglobin levels (≤6.9% [≤52 mmol per mole of nonglycated hemoglobin]) had a risk of death that was twice that in the general population. The present study evaluated the excess risk of death among patients with type 2 diabetes, as compared with controls, according to glycemic control and renal complications among persons who had data included in the Swedish National Diabetes Register.
Me thods

Study Oversight
The study was designed by three of the authors and was approved by the ethics committee of the University of Gothenburg, Sweden. The first and last authors wrote the first draft of the manuscript. All the authors analyzed the data and reviewed, edited, and approved the final manuscript. The fifth and last authors vouch for the accuracy and integrity of the data and analyses. The study had no commercial sponsorship.
Study Design
The National Diabetes Register, initiated in 1996, has been described previously 19, 20 ; it includes information on risk factors, complications of diabetes, and medications in patients 18 years of age or older. Each patient provides informed consent (verbal or written) for inclusion in the register, and more than 90% of all persons with type 2 diabetes in Sweden are included. As in previous National Diabetes Register studies, 20 persons were considered to have type 2 diabetes if they were receiving treatment with diet with or without the use of oral hypoglycemic agents or treatment with insulin with or without the use of oral hypoglycemic agents. The latter category applied only to patients who were 40 years of age or older at the time of diabetes diagnosis.
Patients with at least one entry in the National Diabetes Register from January 1, 1998, until December 31, 2011, were included in the study. For each patient, five controls were randomly selected from the general population in Sweden and matched for age, sex, and county. 19 Information on coexisting conditions and cause of death was retrieved by linking numbers personally identifying patients and controls to the Swedish Inpatient Register and the Swedish Registry for Cause-Specific Mortality. Information on educational level and country of birth was retrieved from the Longitudinal Integration Database for Health Insurance and Labor Market Studies. 19, 21 Educational level was categorized as low (compulsory only), intermediate, or high (university level or similar). Country of birth was categorized as Sweden or other. Data regarding prescription and overall drug use were retrieved from the Swedish Prescribed Drug Register, which includes information for the entire Swedish population from July 2005 onward. 22 Patients and controls were followed from baseline until death or December 31, 2011, whichever came first. In total, 0.07% of patients with type 2 diabetes (291 of 435,660 patients) and 1.3% of matched controls (27,084 of 2,144,567 controls) were excluded from the study because of inconsistent data on vital status, leaving 435,369 patients and 2,117,483 controls.
The Inpatient Register includes nationwide coverage of all inpatient admissions from 1987 onward. Codes from the International Classification of Diseases, Tenth Revision (ICD), were used to define acute myocardial infarction, coronary heart disease, hospitalization for heart failure, atrial fibrillation, stroke, cancer diagnoses, renal dialysis, and transplantation from 1987 onward. (For ICD codes, see the Supplementary Appendix, available with the full text of this article at NEJM.org.) Dates and diagnoses for death from cardiovascular causes, death from cancer, diabetesrelated death, and external and all other causes of death were retrieved from the cause-of-death register.
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T h e ne w e ngl a nd jou r na l o f m e dicine 23 Stage 5 chronic kidney disease was defined by the need for dialysis or renal transplantation or by an eGFR of less than 15 ml per minute.
All-cause mortality and cardiovascular mortality were assessed across categories of timeupdated mean glycated hemoglobin level 24 to compare mortality among patients with type 2 diabetes with that among matched controls, according to levels of glycemic control. (The timeupdated mean is the mean value calculated at a certain time [e.g., if three values exist for glycated hemoglobin level until that point, then the time-updated mean is the mean level of those values].) Corresponding analyses of mortality were performed for two renal variables, with the first categorized as normoalbuminuria, microalbuminuria, macroalbuminuria, or stage 5 chronic kidney disease and the second categorized as an eGFR of 15 to 30 ml per minute, more than 30 to 45 ml per minute, more than 45 to 60 ml per minute, more than 60 to 90 ml per minute, or more than 90 ml per minute or stage 5 chronic kidney disease.
Statistical Analysis
Crude mortality rates were described as events per 1000 person-years, with 95% exact Poisson confidence intervals. Survival analyses were performed with the use of Cox regression, with adjustment in model 1 for sex and time-updated (i.e., the value recorded closest to the time preceding each event) age categories (<55 years, 55 to 64 years, 65 to 74 years, or ≥75 years). In model 2, the analysis was additionally stratified in the type 2 diabetes group and the matched control group according to diabetes duration in the diabetes group (0 to 1 years, >1 to 5 years, >5 to 10 years, >10 to 20 years, or >20 years); the controls were assigned to the same stratification category as the patients in the diabetes group with whom they were matched. In model 3, the analysis was further adjusted for educational level (low, intermediate, or high), country of birth (Sweden or other), and status at baseline with regard to a history of coexisting conditions (acute myocardial infarction, coronary heart disease, atrial fibrillation, heart failure, stroke, or cancer) according to records in the Inpatient Register.
Model 3, which included an interaction term between age categories and glycated hemoglobin levels, was used to evaluate the association of categories of time-updated mean glycated hemoglobin among patients with type 2 diabetes with outcomes as compared with controls. Interactions for diabetes with sex and with prespecified years (<2005 vs. ≥2005) were also investigated. Mortality analyses according to status with respect to renal disease were performed with methods similar to those for the time-updated mean glycated hemoglobin level. The proportional-hazards assumption was fulfilled.
A Cox regression model was used to evaluate the effect of additional risk factors on the relationship between glycated hemoglobin, renal disease, and outcomes in the diabetes group (see the Supplementary Appendix). All the tests were twotailed and conducted at a significance level of 0.05. All the analyses were performed with SAS software, version 9.4 (SAS Institute).
R esult s
Study Population and Follow-up
The baseline characteristics of the two study groups are shown in Table 1 , and in Table S1 in the Supplementary Appendix. Among 435,369 patients with type 2 diabetes and 2,117,483 controls, the proportion of women and the distribution according to age were similar. However, as compared with controls, fewer patients with diabetes were born in Sweden and fewer had a university education or higher. All cardiovascular coexisting conditions were more common among patients with diabetes than among controls. In the diabetes group, the mean glycated hemoglobin level at baseline was 7.1% (54.3 mmol per mole) and the mean duration of diabetes was 5.7 years. The mean follow-up of patients with type 2 diabetes was 4.6 years, and the mean follow-up of controls was 4.8 years. The body-mass index is the weight in kilograms divided by the square of the height in meters. † The following codes from the International Classification of Diseases, 10th Revision, were used: I21 for acute myocardial infarction; I20 through I25 for coronary heart disease; I48 for atrial fibrillation; I50 for heart failure; I61, I62.9, I63, I64, and I67.9 for stroke; and C00 through C97 for cancer. 
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T h e ne w e ngl a nd jou r na l o f m e dicine Table 2 also shows the unadjusted rates of death from cancer, death from external causes, and death from diabetes-related causes, stratified according to baseline age. As compared with controls, the rate ratios were higher among younger persons than among older persons for all-cause mortality and for cardiovascular mortality. Patients with diabetes had higher rates of diabetes-related death and cancer-related death than did controls, whereas deaths due to other causes were more common among controls than among patients.
Mortality
In Cox regression analyses, hazard ratios for death from any cause among persons with type 2 diabetes versus controls were 1.27 (95% confidence interval [CI], 1.26 to 1.28) with adjustment for sex and time-updated age, 1.28 (95% CI, 1.27 to 1.29) with additional adjustment for diabetes duration, and 1.15 (95% CI, 1.14 to 1.16) with additional adjustment for country of birth, educational level, and history of coexisting conditions at baseline. The corresponding hazard ratios for death from cardiovascular causes were 1.33 (95% CI, 1.31 to 1.34), 1.33 (95% CI, 1.32 to 1.35), and 1.14 (95% CI, 1.13 to 1.15). We found an interaction between diabetes and age for the analyses of all-cause mortality and cardiovascular mortality (P<0.001 for both comparisons), but no interaction was observed between diabetes and sex for the analysis of all-cause mortality (P = 0.21) or cardiovascular mortality (P = 0.67).
There was also a time interaction, in which the adjusted hazard ratios for death from any cause among patients with diabetes as compared with controls were significantly lower during the last 7 years of follow-up (2005 or later) than during the initial 7 years of follow-up (before 2005) (hazard ratio in the last 7 years of follow-up, 1.13 [95% CI, 1.12 to 1.14]; hazard ratio in the initial 7 years of follow-up, 1.17 [95% CI, 1.15 to 1.19]; P = 0.004 for interaction). Similar results were observed for cardiovascular mortality (hazard ratio in the last 7 years of follow-up, 1.11 [95% CI, 1.09 to 1.12]; hazard ratio in the initial 7 years of follow-up, 1.19 [95% CI, 1.16 to 1.22]; P<0.001 for interaction). Hazard ratios according to age group during the initial 7 years of followup and the last 7 years of follow-up for death from any cause and for cardiovascular death are shown in Figure 1 .
Risk of Death in Relation to Glycemic Control and Renal Complications
The excess risk of death increased monotonically with higher levels of time-updated mean glycated hemoglobin in all age categories (Table 3 for model 3, and Table S2 in the Supplementary Appendix for models 1 and 2). Among persons with type 2 diabetes with a time-updated mean glycated hemoglobin level of 6.9% or less (≤52 mmol per mole) and an age of less than 55 years, the excess risks of death were approximately twice as high as the risks among controls (hazard ratio for death from any cause, 1.92; 95% CI, 1.75 to 2.11; hazard ratio for cardiovascular death, 2.18; 95% CI, 1.81 to 2.64) (Table 3) . However, patients 75 years of age or older had lower risks of death than controls (hazard ratio for death from any cause, 0.95; 95% CI, 0.94 to 0.96; hazard ratio for cardiovascular death, 0.92; 95% CI, 0.90 to 0.94).
Among patients in the highest category of glycated hemoglobin level (≥9.7% [≥83 mmol per mole]) who were younger than 55 years of age, the hazard ratio for death from any cause, as compared with controls, was 4.23 (95% CI, 3.56 to 5.02) and the hazard ratio for cardiovascular death was 5.38 (95% CI, 3.89 to 7.43). Among patients 75 years of age or older in this glycatedhemoglobin category, the corresponding hazard ratio for death from any cause was 1.55 (95% CI, 1.47 to 1.63) and the hazard ratio for cardiovascular death was 1.42 (95% CI, 1.32 to 1.53).
The mean number of glycated hemoglobin measurements per year was 1.4 (interquartile range, 1.0 to 1.5). In analyses in the diabetes group, the risks of death from any cause and cardiovascular death increased incrementally with higher time-updated mean glycated hemoglobin level (Table S3 in The analysis, which was based on Cox regression, was adjusted for time-updated age and sex and was stratified according to duration of diabetes in the diabetes group (0 to 1 years, >1 to 5 years, >5 to 10 years, >10 to 20 years, or >20 years) in model 2; controls were assigned to the same stratification category as the patients in the diabetes group with whom they were matched. (Table 3 for model 3, and  Table S4 in the Supplementary Appendix for models 1 and 2). However, patients with normoalbuminuria who were 65 to 74 years of age or who were 75 years of age or older had a lower risk than controls with respect to death from any cause and cardiovascular death. Across the different age categories, the hazard ratios for death from any cause ranged from 2.61 to 1.04 among patients with microalbuminuria, from 3.78 to 1.40 among those with macroalbuminuria, and from 14.63 to 3.31 among those with stage 5 chronic kidney disease.
When eGFR was considered, the excess risks of death from any cause and cardiovascular death decreased with increasing age (Table 3) . Among patients younger than 55 years of age, at an eGFR of 60 to 90 ml per minute or more than 90 ml per minute, the excess risk of death from any cause was twice as high and the excess risk of cardiovascular death was 2.5 times as high as the risks among controls. Among patients in this age category with an eGFR of 15 to 30 ml per minute, the risk of death from any cause was approximately 20 times as high as that among controls, and the risk of cardiovascular death was 35 times as high; among those with stage 5 chronic kidney disease, these risks were, respectively, approximately 15 times as high and 30 times as high. The relationship between renal complications and mortality remained stable when the analysis was additionally adjusted for other risk factors (Table S5 in the Supplementary  Appendix) .
Tables S6A through S8B in the Supplementary Appendix show the excess risks of death from any cause and cardiovascular death with regard to glycated hemoglobin level, renal complications, and eGFR separately for men and women. Similar hazard ratios were generally found among men and women, but some differences were observed in certain groups, such as younger patients with advanced renal complications.
When we evaluated the interaction of normoalbuminuria and level of glycemic control, the hazard ratio among patients with a glycated hemoglobin level of 6.9% or less, as compared with controls, was 1.60 (95% CI, 1.40 to 1.82) among those younger than 55 years of age, but was lower among patients 65 years of age or older. After adjustment for history of coexisting conditions, patients who were 75 years of age or older with a glycated hemoglobin level of 7.8% or less also had a lower risk of death than controls (Table 4 , and Table S9 in the Supplementary Appendix). Corresponding estimates for an eGFR of more than 60 ml per minute are shown in Table 4 , and Table S9 in the Supplementary Appendix.
Of the total evaluated person-years in the study, 31.7% of the time belonged to patients with normoalbuminuria and coexisting glycated hemoglobin levels that are associated with lower mortality (as compared with controls), and 44.5% of the patients were in these categories at any time during follow-up. Regarding categories of an eGFR of more than 60 ml per minute and coexisting glycated hemoglobin levels associated with lower mortality, the corresponding proportions belonging to these categories were 31.6% of the total evaluated person-years and 51.2% of the patients. The excess risks of death were generally similar among men and women (Tables S10 and S11 in the Supplementary Appendix).
Medications and Smoking
According to the Swedish Prescribed Drug Register, from July 2005 onward, a total of 63.4% of the patients with type 2 diabetes received prescriptions for lipid-lowering medications and 66.6% received prescriptions for renin-angiotensin-aldosterone system (RAAS) inhibitors, as compared with 24.8% and 30.7% of controls, respectively. The use of lipid-lowering medications and the use of RAAS inhibitors were more common among persons with type 2 diabetes than among controls in all age groups, with younger persons having a rate of use of lipidlowering medications that was eight times as high and a rate of use of RAAS inhibitors that was five times as high as the respective rates among controls (Table S12 in The results from the last assessment of risk factors in persons with type 2 diabetes according to age are shown in Table S13 in the Supplementary Appendix. The use of lipid-lowering medications was more common and the smoking frequency was lower among persons with type 2 diabetes who had their data censored at the end of the study than among those who had died; patients with censored data also had a lower mean systolic blood pressure than those who had died (Table S13 in the Supplementary Appendix). Smoking was more common and the body-mass index (the weight in kilograms divided by the square of the height in meters) was higher among younger persons with type 2 diabetes than in all other age groups of patients.
Discussion
This nationwide study involving more than 400,000 persons with type 2 diabetes and more than 2 million matched controls in Sweden showed that excess mortality in type 2 diabetes was substantially higher with worsening glycemic control, severe renal complications, impaired renal function, and younger age. The excess risk of death also varied substantially in several large subgroups of patients with type 2 diabetes, with an excess risk in some and a lower risk in others.
When the analysis was adjusted for age and sex, the overall excess risk of death from any cause on a group level was low (27%) as compared with earlier reports 9 ; the excess risk decreased to 15% when the analysis was further adjusted for coexisting diseases. The major contributors to the excess risk of death were cardiovascular disease and diabetes-related conditions, whereas cancer, although a significant contributor, had a relatively small effect. The relatively low mortality is probably due to aggressive treatment with statins and blood-pressure medications, 4, 5 which were considerably more common in patients with diabetes than in controls, as well as improvements in glycemic control over time. 2 The excess risk of death has previously been reported to decrease with older age. 9, 17 In the current study, after the analysis was adjusted for history of coexisting conditions at baseline, persons with diabetes who were 75 years of age or older had a significantly attenuated risk of death, approaching that of the general population. However, the absolute risk of death among elderly patients varied substantially depending on glucose control and coexisting conditions. Specifically, when diabetes was accompanied by renal complications, the excess risk of death was increased in this age group, a finding that emphasizes the importance of reducing the risk and severity of diabetes-related complications in older persons.
In other age groups, the excess risk of death ranged from 30 to 40% among patients 65 to 74 years of age, as compared with controls in the same age group, whereas the excess mortality was 100% to 200% among those younger than 55 years of age, as compared with controls. However, patients 65 to 74 years of age with normoalbuminuria and a glycated hemoglobin level of 6.9% or less had a risk that was lower than that among controls. The risk was also lower among patients 75 years of age or older with a glycated hemoglobin level of 7.8% or less than among controls, but the risk was substantially higher among patients younger than 55 years of age than among controls, despite a glycated hemoglobin level in the target range and normoalbuminuria.
Despite higher mortality among younger persons with type 2 diabetes, it is noteworthy that blood pressure was generally well controlled and that these patients received statin medications eight times as often as controls. However, more patients with type 2 diabetes were smokers, including 38% of those who died and 24% of those with censored data, as compared with 18% in general population reports. 25 Furthermore, 56% of the patients with type 2 diabetes were obese, as compared with 14% of the general population. 25 However, the body-mass index was similar in patients with type 2 diabetes who died and those with censored data.
Therefore, in younger patients with type 2 diabetes, strict control of blood pressure, prescription of statins, targeting of good glycemic control, and avoidance of microalbuminuria are probably not enough to reduce excess mortality to the rate in the general population. Smoking cessation, increased physical activity, and the development of new cardiovascular-protective drugs, such as alternative lipid-lowering medications for persons who cannot take statins, may further improve outcomes in younger patients. age groups is highly important; the excess mortality among younger patients with advanced chronic kidney disease was approximately 15 times as high as that among controls. Hyperglycemia is a prerequisite for the development of diabetic nephropathy
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; therefore, early prevention of diabetes 27 and strict glucose control that begins at diagnosis 2,28 when long-term survival is expected may further reduce mortality.
Recent evaluations from Canada and the United Kingdom that included mainly patients with type 2 diabetes 9 showed a reduced excess risk of death over time. However, a study in which patients were followed from 1988 until 2006 and which defined diabetes according to the glycated hemoglobin level showed no mortality reductions over time, 29 in contrast to other U.S. studies. 16, 30 Moreover, the overall mortality excess among patients with type 1 diabetes 19 from the same background population was much higher than that among patients with type 2 diabetes. However, the mean age of the patients with type 2 diabetes was much higher than that of patients with type 1 diabetes, and younger persons with type 2 diabetes who had a glycated hemoglobin level in the target range still had a risk of death that was twice as high as the risk among controls, which is a magnitude of risk that is similar to that among patients with type 1 diabetes.
The strengths of the present study are that it included more than 90% of all the patients with type 2 diabetes in Sweden and that most patients had at least one measurement of a glycated hemoglobin level (97%), grade of albuminuria (88%), or eGFR (91%). In contrast to earlier studies, comparisons were not made with general life tables, but information on coexisting diseases and psychosocial variables in controls were available over a period of at least 11 years before the start of follow-up, which is essential to estimations.
There are certain limitations in this study. Some variables that are possibly associated with mortality were not available on an individual level for controls. Owing to the observational nature of our study, we cannot definitively exclude possible residual confounding. The prevalence of obesity, diet, and diabetes care may differ among countries, so the evaluations may not be generalizable to other nations. Deaths that were attributed to diabetes made up an unknown proportion of deaths in which cardiovascular disease played an important part; hence, the calculated risks for diabetes-related death and cardiovascular death may be underestimated.
In conclusion, the overall excess risk of death among persons with type 2 diabetes has dropped to a historically low level of approximately 15%. However, mortality remains high in certain patient groups and remains substantially higher among patients younger than 55 years of age, as compared with controls, even among patients whose glycemic values are within the target range and who have normoalbuminuria.
